The Salla Beds contain a rich assemblage of Deseadan mammals that traditionally has been considered of early Oligocene age. These deposits, located 90-100 km SE of La Paz, Bolivia, consist of more than 540 m of principally fluviatile clays and silts with numerous interbedded tuffs. Paleomagnetic samples were collected from 104 sites spaced at stratigraphic intervals of about 6 m. As a result of thermal demagnetization (at 400°C or greater), unambiguous polarities were determined for 76 of the 104 originally sampled sites. The pattern of reversals, stage of evolution of the fossils, and preliminary isotopic dates (including a K/Ar age of 26.4 ± 1.0 Ma and zircon fission track ages of ca. 22 Ma) from interbedded tuffs suggest that the Salla Beds correlate to chrons C10 through C6 of the magnetic polarity time scale, or an absolute time interval from about 28.5 to 24 Ma. Pyrotherium and caviomorph rodents occur throughout the section; the primate Branisella is known to occur at about 27 Ma. The Salla faunas seem to represent an earlier part of the Deseadan than faunas of this Land Mammal Age from Argentina. These data suggest that the early Deseadan should be shifted significantly upwards (by ca. 10 m.y.) to late Oligocene-early Miocene time.
INTRODUCTION
During most of the Cenozoic, South America drifted as an isolated continent, resulting in the evolution of a highly unique and endemic terrestrial fauna. In contrast to Holarctica, the fossil record of the Age of Mammals in South America is extensive but poorly known. Much of our knowledge of the South American succession comes from Argentina, Brazil, and some scattered critical FIG. 1.-General location of the Salla-Luribay basin (insert, lower left corner) and detailed location of the three measured sections discussed in this report, i.e., Pasto Grande, Poco Poconi, and El Planimiento. and a possible condylarth (Soria and Hoffstetter 1983) . Despite the lack of precise field data for previous collections, some chronological constraints can be placed on many of those specimens based on our knowledge of general field areas (as contained in the archives at Princeton or published references).
GEOGRAPHIC AND GEOLOGIC SETTING
The Salla Beds are exposed in the SallaLuribay Basin, which is located about 90-100 km SE of La Paz in the Cordillera Orientale physiographic province at a general location of between lat. 170 8' to 17° 14'S and long. late Oligocene to early Miocene in age, which axis trending NNW-SSE ( fig. 2B ). Locally, is a significant departure from previous interthe Salla Beds are covered by a thin (usually pretations. Post-depositional deformation reless than 10 m) unit of unnamed fine-grained sulted in the folding and faulting of these Teralluvial or aeolian deposits which are probatiary sediments into a broad anticline with an bly of Pleistocene age.
The Salla Beds consist of at least 540 m of section exposed in the core of the anticline. The predominant lithology consists of moderately to well-indurated red-brown, pinkishtan, and light gray claystones and siltstones. Locally, these colors can be either massive or variegated in outcrop. There are numerous tuffaceous horizons which represent either primary air-falls or secondarily reworked deposits. A prominent lithostratigraphic marker, the "Principal Guide Level" (Nivel Guia in Villarroel and Marshall 1982 ) is used for correlation within the Salla-Luribay basin ( fig. 2C) . Infrequently, the Salla Beds contain local lenticular channel conglomerates and thin (ca. 1 m) limestones. These lithologies suggest that the Salla Beds were deposited principally in a fluviatile environment. The variegated horizons probably represent paleosols.
The Salla Beds weather to a characteristic badlands topography. Fossil vertebrates are relatively rare in the lower and upper onethird of our composite section. The principal fossiliferous horizons are located in the middle one-third of the Salla Beds (figs. 2D and 2E). The fossils are usually isolated, oftentimes occurring as fragmentary dentitions and postcranial elements dispersed randomly within these zones. Infrequently, articulated specimens have been found. Our field work suggests that there are few, if any, horizons amenable to quarry sampling. Therefore, our Salla collections made thus far are the results of surface prospecting.
PALEOMAGNETIC PROCEDURES AND ANALYSES
In 1981 paleomagnetic samples were collected from three measured stratigraphic sections in the Salla Beds ( fig. 1 ). These sections were chosen because: (1) they collectively span what seems to represent the most complete composite sequence available; (2) they are relatively continuous and consist of sediments potentially amenable to paleomagnetic sampling; (3) they include important fossiliferous, marker, and ash horizons; and (4) they are located in the undeformed portion of the basin. A total of 104 paleomagnetic sites were collected from the three sections which total a composite thickness of 540 m. A minimum of three separately-oriented hand samples were taken at each site. The vertical separation between sites averages about 6 m, and in no case does the separation between two superposed sites exceed 10 m.
In the laboratory the paleomagnetic samples were cut and sanded into 25 mm cubes. All paleomagnetic measurements, laboratory treatment, and data analyses were conducted at the University of Florida Paleomagnetic Laboratory. This study employed a Superconducting Technology two-axis cryogenic magnetometer (Goree and Fuller 1976) on which most of the measurements of magnetization were made; a Schonstedt DSM-2 spinner magnetometer, Schonstedt alternating field (AF) and thermal demagnetizers and Apple II series microcomputers for data collection and analyses.
In order to determine the paleomagnetic characteristics for the sediments of the Salla Beds, 18 sites selected from varied lithologies were used for a pilot demagnetization study. For eight of these sites, one specimen was subjected to step-wise AF demagnetization (at NRM, 10, 20, 30, 40, 50, and 60 mT), and one specimen was subjected to step-wise thermal demagnetization (at NRM, 100, 200, 300, 400, 500, 550, 600, 620, and 640°C). The additional 10 sites were subjected to the complete step-wise thermal demagnetization regime. The results of the step-wise AF pilot demagnetization indicate that in many cases, a high coercivity magnetic component was present that could not effectively be removed by this technique (fig. 3A, 3B, 3D ). AF demagnetization effectively isolated a stable component in only one of the eight pilot specimens as evidenced by a general linear decay towards the origin in vector demagnetization (Zijderveld) diagrams ( fig. 3C ). The results of the step-wise thermal demagnetization ( fig. 4) After thermal demagnetization and data analysis using Fisher (1953) statistics, of the 104 sites sampled, 76 were used to interpret the magnetic polarity zonation presented below. Following the criteria of Opdyke et al. (1977) , 63 fell into the Class I category (statistically significant), one into Class II (only two samples analyzed from the site), and 12 into Class III (two of three samples with concordant directions).
The directional data for the Class I sites for NRM and "optimum" demagnetization are presented in figure 5. For sites demagnetized at two steps, i.e., 4000C and 500°C, the data were chosen (as "optimal") with the higher precision (k). Sites were rejected from the Class I category if they did not meet the reliability criteria set forth in Irving (1964, p. 68) where for N = 3; R > 2.62 and N = 4; R > 3.10. For the NRM site mean data, there is considerable scatter of directions with sites of both positive and negative inclinations, particularly in the northern hemisphere ( fig.  5A ). After thermal demagnetization, the sites tend to separate into two populations, one in the northern hemisphere with negative inclinations (interpreted to be of normal polarity) and one in the southern hemisphere with positive inclinations (interpreted to be of reversed polarity). The separation into two populations suggests that in most cases, the thermal demagnetization regime used here satisfactorily isolated the characteristic component of magnetization. However, sites of intermediate distribution between the two populations suggest that our thermal demagnetization did not remove completely all secondary components of the NRM. In addition, four Class I sites, although statistically significant, were of ambiguous polarity (declinations in northern hemisphere with positive inclinations or declinations in southern hemisphere with negative inclinations). These sites were not used to interpret the magnetic polarity zonation presented below.
The mean directional data for the 42 Class I demagnetized sites of normal polarity is dec- -Based on 51 paleomagnetic sites, 12 magnetozones (6N, 6R) are represented in the El Planimiento section. Five of these zones (2N and 3R), i.e., R2, N4, R4, R5, and N7, are based on Class I single sites. Because of the possibility that these sites could represent spurious magnetic polarities, further laboratory analysis was performed for all samples from each site. All samples were measured for NRM, demagnetized at 4000C and 500°C (as was the routine procedure described above), and then were also demagnetized at 550°C, 600°C, 620°C, and 6400C. In all cases, these sites remained of the same polarity as determined from demagnetization at lower temperatures.
Given the results of this additional laboratory analysis and using the criteria described above for acceptance/rejection of sites (Opdyke et al. 1977), a non-arbitrary scheme does not exist for rejecting these five sites in an interpretation of the magnetic polarity zonation. These single site polarity zones are thus considered to be short-term reversals. Problems have been encountered in previous studies with the use of single site polarity zones in correlation. Therefore, only polarity transitions between zones represented by two or more sites are used below. In this way, the short-term (i.e., single site) polarity zones do not affect our correlation of the Salla magnetic polarity zonation to the standard MPTS.
ISOTOPIC DATING
The Salla Beds contain numerous volcanic tuffs and bentonized tuffs that are amenable to isotopic dating. We report one K/Ar date on biotite (table 1) and two fission-track dates on zircons (table 2). The analytical data for these ages are internally consistent. They Discussion.-The analysis for both the K/ Ar and fission-track dates indicates precise ages; however, the dates derived from these two techniques are not mutually compatible with the chronology presented here. The fission-track ages from Salla sample 8 and Salla sample 10 (table 2), which are separated (in direct superpositional sequence) by 210 m of section, essentially yield equivalent ages of ca. 22 Ma. Given the fact that seven polarity transitions separate these two dates, and using the stochastic model of geomagnetic field reversals (Johnson and McGee 1983) , it is clear that a significantly greater period of time is actually represented between these two tuffs (more sampling and analysis is required to provide temporal discrimination be-tween these sites). We view the fission-track dates as general corroboration of the K/Ar age, the latter of which we chose to accept for calibration of our magnetic polarity zonation and correlation to the MPTS.
In summary, both of these isotopic techniques indicate that the middle to upper part of the Salla Beds, and their Deseadan fossils, are in the mid to low 20's Ma age range. This is substantially younger than previously stated for Deseadan fossils, i.e., ca. 33-35 Ma (Marshall et al. 1983 ). It is improbable that both of our isotopic methods have systematic errors of this magnitude. Nevertheless, we are presently resampling and redating these and other tuffs to validate further the K/Ar date used here for calibration of the magnetic polarity zonation. V-12 (= Quebrada Chala Jahuira = Anchallani) is located above the Luribay Conglomerates in sediments equivalent to the lower part of the section, and it possibly extends stratigraphically as high as, although almost certainly not above, the Principal Guide Level. (2) V-2 and V-3 are located above the Principal Guide Level. Most of the fossils collected from these "localities" are probably in the extremely fossiliferous zone between the Principal Guide Level through the Upper White Level. It is not possible to determine how far above the Upper White Level Branisa's collection extends; however, based on the fact that the upper one-third of the Salla Beds is poorly fossiliferous, there probably are not many specimens from this part of the section. Given these constraints, the preliminary biostratigraphy ( fig. 9 ) is divided into two informal parts, the lower and upper Salla Beds, with the transition between these taken arbitrarily at the Principal Guide Level (fig. 10) .
The stratigraphic distribution of fossil mammals at Salla is presented in figure 10 . Hoffstetter (1968 Hoffstetter ( , 1976 ) presented a preliminary, annotated faunal list for the mammals from Salla. Since that time many groups have been described from that fauna, i.e., primates (Hoffstetter 1969 Cf. Rhynchippus.-Two notohippid species, differing principally in size, are present at Salla and are tentatively referred to the species Rhynchippus equinus and R. pumilus, otherwise known from Patagonia. These taxa are represented in both the PU and UF/ LACM/GB collections and they occur in numerous horizons in the Salla Beds. As with most Deseadan local faunas, notohippid materials are rather common at Salla, with the large species being the more abundant of the two. Notohippids are most abundant and diverse during the Deseadan; perhaps four valid genera of Rhynchippinae and two of Notohippinae are present in local faunas of that age in Patagonia. The primitive subfamily Rhynchippinae is not recorded after the Deseadan.
Nesodontinae, genus and species uncertain.-This toxodontid is represented by fragmentary specimens known from several horizons within the Salla Beds. These may be referable to the Deseadan and Colhuehuapian genus Proadinotherium as indicated by Hoffstetter (1976), but we are at present unable to characterize nesodontine genera on the basis of isolated molars. Nesodontine toxodontids are among the many advanced notoungulate groups that make their first appearance in the Deseadan, and their remains are found in moderate abundance at most localities of this age in Argentina.
Prohegetotherium spp.-The large series of relatively complete specimens of this genus in the PU collection sort into two size groups, here tentatively recognized as distinct species. (Although the extent of sexual dimorphism in notoungulates remains to be properly assessed, this seems unlikely in the present case. In addition to size differences, the taxa differ in other morphological characters and in relative abundance.) The less complete UF/LACM/GB materials have not yet been sorted; however, at least one of these forms occurs in the Branisella and Upper White levels. The larger of the species represented in the PU collection, comparable in size to P. sculptum (a typical species from Patagonia), is the more abundant of the two, being represented by about 140 specimens. The smaller species is known from about 30 specimens. With a few dubious exceptions, the advanced notoungulate family Hegetotheriidae is first recorded from the Divisadero Largo local fauna in the form of Ethegotherium (Simpson et al. 1962) . In addition to Prohegetotherium, most Deseadan local faunas of Patagonia also include one or more members of the somewhat aberrant and strictly Deseadan hegetothere group which includes the possibly distinct genera Prosotherium and Propachyrucos. However, these are conspicuously absent at Salla.
Archaeohyrax sp.-An undescribed species of Archaeohyracidae is represented in the PU and UF/LACM/GB Salla collections. Archaeohyrax sp. is known to occur in the Principal Guide, Branisella, and Upper White levels. It is smaller than, but clearly-a close ally of, the type species A. patagonicus from Cabeza Blanca, Chubut (Patterson and Cifelli, in prep.). This is by far the single most abundant species at Salla, being represented by more than 500 specimens in the PU and UF/LACM/GB collections. This abundance is startling in view of the scarcity of specimens pertaining to Deseadan and earlier members of this family in Patagonia.
Interatheriidae.-The Salla interatheres are here referred to two taxa, both belonging to the group including Protypotherium and allies (Cifelli 1985a ) within the advanced interatheres, subfamily Interatheriinae. The larger and more abundant of the Salla species, probably a new genus, was referred by Hoffstetter (1968 Hoffstetter ( , 1976 3) The sequence and pattern of reversals for the Salla Beds is represented by 14 magnetic polarity zones ( figs. 9, 11) . Most of the reversals in the Salla Beds are concentrated in the lower two-thirds of the section, whereas the upper one-third is characterized by almost continuous reversed polarity (zones R6 and R7). This long period of reversed polarity imparts a relatively distinctive signature to the Salla magnetic polarity zonation.
Given . This is generally accepted to represent allochthonous dispersal from Africa or North America (there is by no means a consensus on this subject, see, e.g., Ciochon and Chiarelli 1981). Until now, precise dating of these Deseadan events was unavailable. Because the Deseadan has been equated with "early Oligocene," and given the fact that the first set of published dates for this interval were 33.6 ±0.4 and 35.4 +0.4 Ma (Marshall et al. 1977 ), these dispersal events were believed to have occurred at about 35 to 37 Ma. At Salla, rodents are known to occur throughout the fossiliferous horizons (although they are rare from the lower Salla Beds), which would indicate that they had arrived in South America before 28.5 Ma. The known stratigraphic occurrence of Branisella is 27 Ma. These new data place revised constraints on the potential timing and origins of these groups that could be 10 m.y. later than has been previously believed. So far as is known, our data suggest that the base of the "Second Faunal Stratum" could be as young as late (not early) Oligocene. This revised chronology should have significant ramifications with respect to future hypotheses of the timing and origin of South American rodents and primates.
